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Human noroviruses (NoV) are a leading cause of acute gastroenteritis, causing 
nearly 58% of foodborne disease in the USA. The aim of our study was to determine the 
prevalence of NoV on select bathroom surfaces in food establishments in South Carolina 
(SC). All SC counties (N=46) were sorted by population density into high-, medium-, and 
low-density categories. Three counties were randomly selected from each population 
category. Lists of all foodservice establishments in each selected county (N=9) were 
obtained from the Department of Health and Environmental Control and a total of 120 
foodservice establishments were randomly selected. Swabs were collected from both 
male and female bathrooms.  In each bathroom, four surfaces were swabbed--a toilet seat, 
the flush handle of the same toilet, the bathroom door handle and a sink faucet handle. In 
total, 15/681 (2.2%) swabs from 13 (10.8%) establishments were presumptively positive 
for NoV. The factors significantly related to NoV bathroom presence included gender of 
the bathroom, mechanism of the toilet, door handle type, sink faucet type, paper towel 
dispenser material and trash can in the bathroom. We found borderline association of 
gender of the bathroom and the type of establishment. Our results suggest bathrooms can 
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Persons infected with an acute gastrointestinal illness, such as those caused by 
human noroviruses (NoV), can produce large volumes of diarrhea and/or vomit that 
contain high concentrations of pathogens (Atmar et al., 2008; Caul 1995). These fecal 
and vomiting events frequently take place in bathrooms suggesting bathroom surfaces 
can be a source of NoV.  NoV has been detected on bathroom surfaces in facilities 
without a recent outbreak (Boxman et al., 2011), manufacturing companies (Ronnqvist, 
Ratto, Tuominen, Sale & Maunula, 2013), and hospitals (Gallimore et al., 2008; Verhoef, 
Jaramillo Gutierrez, Koopmans, & Boxman, 2013).  
One possible route of transmission of NoV after a vomiting or fecal episode is 
from hands to bathroom surfaces, i.e. the toilet lever, door handle, and water tap 
(Gerhardts, Hammer, Balluff, Mucha, & Hoefer, 2012).  This is supported by the findings 
of a Dutch study, which showed NoV was 3X more likely to be on bathroom surfaces 
than on kitchen surfaces in food establishments (Boxman et al., 2011).  Transmission 
from bathroom surfaces to people has also been demonstrated (Fankem, Boone, Gaither 
& Gerba, 2014; Jones, Kramer, Gaither & Gerba, 2007; Repp, Hostetler & Keene, 2013). 
In a quantitative exposure model for transmission of NoV in a food preparation 
environment, high contamination loads on hands of food handlers were projected to be 
related to visiting bathroom areas where potential personal or environmental cross-
contamination existed (Mokhtari & Jaykus, 2009). Bathroom NoV contamination could 




when bathroom surfaces are highly contaminated with NoV (>2 log10/cm2 bathroom 
surface area), the NoV particles are frequently above safe level (10 infectious 
particles/serving).  
The aim of our study was to determine the prevalence of NoV in commercial food 
establishments in South Carolina. The specific objectives of the project were to:  
1. Conduct a systematic review of the literature to determine the presence of NoV in 
bathrooms under outbreak and non-outbreak conditions. 
2. Determine the presence of NoV on surfaces in shared staff and public bathrooms. 
3. Analyze the factors contributing to the presence of NoV. 
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PRESENCE OF HUMAN NOROVIRUS ON BATHROOM SURFACES:  
A SYSTEMATIC LITERATURE REVIEW 
 
INTRODUCTION 
Persons infected with norovirus (NoV) can produce large volumes of diarrhea 
and/or vomit which are highly concentrated with NoV—108-10 virions/g in stool (Atmar 
et al., 2008) and up to 106 particles/ml in vomitus (Caul, 1995). Many fecal and vomiting 
events take place in bathrooms suggesting bathroom surfaces could be a source of NoV. 
Pathogens may build up in the toilet both on the exterior surfaces and in the bowl water 
(Gerba, Wallis, & Melnick, 1975). While the initial flush eliminates most pathogens in 
the water, there are still enough microorganisms to cause illness (Gerba et al., 1975; 
Barker & Bloomfield, 2000). For example, Barker, Vipond, and Bloomfield (2004) found 
that flushing a toilet results in the production of droplets that are released into the air and 
can settle onto bathroom surfaces. Bathroom surfaces can also become contaminated by 
the hands of users. Contaminated hands can transfer NoV to bathroom surfaces such as 
doorknobs and sink faucets (Barker et al., 2004). Improper handwashing techniques after 
using the bathroom could also contribute to pathogen transmission. Even if handwashing 
is carried out properly, hands may become re-contaminated by touching soiled bathroom 
surfaces such as the sink faucet or the door handle.  
We hypothesize that contact with bathroom surfaces could be a route of NoV 




However, we found no systematic reviews of the literature to support this hypothesis. The 
aim of this systematic literature review was to evaluate the current evidence concerning 
the presence of NoV on bathroom surfaces under outbreak and non-outbreak conditions. 
Two research questions guided our review: 1) Is NoV present on bathroom surfaces 
under outbreak and non-outbreak conditions? 2) What factors are related to the presence 
of NoV on bathroom surfaces? 
 
METHODS 
Search Strategy  
We followed the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guide to conduct a systematic review of published articles that study 
NoV presence on bathroom surfaces. A comprehensive literature search was conducted to 
identify eligible studies published in English-language journals. We performed the search 
using two databases, Academic Search Complete (1970-2014) and Google Scholar 
(1970-2014). Academic Search Complete was managed by EBSCO, thus, all available 
databases provided by EBSCO were searched simultaneously, such as MEDLINE® and 
CINAHL®. We conducted our electronic searched using the terms: norovirus, norwalk 
virus, bathroom, toilet, restroom and washroom. The reference lists of all relevant articles 
were searched by hand.    
Selection 
In order to select the study sample, the title and abstract of each citation was 




copies of all potentially eligible studies were obtained to perform an additional screening. 
Our inclusion/exclusion criteria for selection of eligible studies were based on four 
criteria. To be included, articles/studies had to: 1) test specifically for NoV on bathroom 
surfaces or state that bathrooms were involved in NoV transmission; studies in which 
environmental samples were collected from bathroom surfaces but NoV was not detected 
were also included; 2) be observation analytic studies in which no treatment was 
assigned; and 3) be peer-reviewed publications written in English. Articles describing 
NoV-contaminated sewage water that contacted bathroom surfaces were excluded. 
Review articles were also excluded. 
Quality assessment  
The quality of studies was assessed using the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) checklist (Appendix statement A) 
(Von Elm et al., 2007). It can be used to conduct systematic reviews of observation 
analytic studies. The STROBE checklist contains 22 criteria related to six sections: 1) the 
title and abstract—1 item; 2) introduction—2 items; 3) methods—9 items; 4) results—5 
items; 5) discussion—4 items; and 6) other information—1 item (Von Elm et al., 2007). 
All criteria were evaluated qualitatively (yes/no/not available) and responses were then 
converted to a number (1/0/0) to calculate a score. The highest possible score was 22.  
Analysis and Synthesis 
All 29 studies were divided into two groups—outbreak and non-outbreak studies. 
We classified the studies in this manner because NoV prevalence on bathroom surfaces 




(StatsDirect Ltd, Cheshire, UK) was used to perform DerSimonian-Laird random effects 
meta-analyses. Its purpose was to calculate the pooled proportions and 95% confidence 
intervals to determine the prevalence of NoV on bathroom surfaces under outbreak and 
non-outbreak conditions. In addition, forest plots were made to display the NoV 
prevalence and variance found using StatsDirect (Figure 2.2 and Figure 2.3). The squares 
in the forest plots indicate the point estimate of proportion and the lines extending from 
the squares represent confidence intervals of the estimate. The size of each square 
indicates the study sample size. The center line of the diamond on the bottom of the 
forest plot represents the summary measure of all studies and lines extending from the 
diamond represent the associated confidence intervals (Lalkhen et al., 2008).  
 
RESULTS AND DISCUSSION  
Search strategy 
Our initial search yielded 730 articles. We removed 332 duplicates and reviewed 
398 articles (Figure 2.1). After reading the title and abstract of each article, two articles 
were excluded because the full text could not be found, three articles were excluded 
because they were not published in English, and 368 were excluded based on their 
abstract or title. A total of 24 articles were eligible for our study. Hand searching the 
reference list of relevant articles resulted in 5 additional articles; these were reviewed for 

























Figure 2.1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
flow chart describing the literature search procedure  
  
730 articles identified from 
electronic databases 
398 records identified for 
initial screening of titles and 
abstracts 
332 duplicate records removed 
374 failed to meet inclusion criteria 








5 records identified through hand 
searching of reference lists 
29 eligible studies identified  












All 29 articles were published between 1989 and 2014. Eleven articles were from 
North America, thirteen were from Europe, three were from Oceania, and two were from 
Asia. The study settings included food catering operations, hotels, hospitals, non-hospital 
health-care institutions, households, houseboats, sports tournaments, function centers, 
tourist resorts, college summer camps, airplanes, military bases, cruise ships, river rafting 
companies, long-term care facilities, concert halls, food production chains, manufacturing 
companies, and rehabilitation centers. The 29 eligible studies included 27 cross-sectional 
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 17.5 10.4 - - 50, 27, 67a 
Closed environment and high 
interaction of people increased 
NoV presence. Proper 
disinfection reduced NoV 
presence. 
 










20.5  - 0 19 0 
NoV not detected on bathroom 
surfaces.  







19  - - - - 
Proper disinfection reduced NoV 
presence.   










17.5  - 4 46 8.6 
NoV detected on swabs stored 
for up to four days. 








16 75 1 1 100 
NoV detected on bathroom 
surface without disinfection 
procedure. 
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NoV not detected on bathroom 
surfaces.  









































18.5  - - - - 
Being an institutional setting 
and employee’s lack of 
knowledge about GI have a 
higher risk of NoV presence. 
Small catering operations had 
higher NoV prevalence than 
large catering operations. 
 








18.5  42.8 2 10 20 
Bathroom was source of  
outbreak. 
 
Gunaratnam et al. 
(2012) 




 20 44.8 1 - - 
Food handlers were source of 
outbreak. 
 








19.5  - 26 932 3.1 
Higher population density had 
higher NoV prevalence than 
regions with lower population 
density. Being LTC and 
lunchrooms had a higher risk 
of NoV presence.  
 






19.5  - 54 102 52.9 
54% bathroom surfaces 
detected NoV during outbreak 
events. 
 
Domenech et al. 
(2011)  
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 18 49.0 - - - 
Bathroom was source of 
outbreak. 
 







16.5  42.9 - - - 
Bathroom was source of 
outbreak. 
Wadl et al. 
(2010) 






20 12.8 1 - - 
Contaminated food was source 
of outbreak. NoV detected on 
bathroom surfaces without 
disinfection procedure. 
 








15.5 - 14 22 64 
The NoV detection rate was 
highest for outbreak associated 











15 - 2 2 100 
Food handlers were the source 
of outbreak. 









19 - 0 - - 
Environmental samples 
collected 1 month after the 
outbreak began. 
Chimonas et al. 
(2008)  




20 12.8 - - - 




































16 29.3 - - - 
Bathroom was the source of 
outbreak. Vomiting or feces in 
bathroom lead to NoV infection 
without disinfection procedure 
 









14.5 - 10 56 17.9 
Proper disinfection reduced the 
NoV presence.   







17 44.2 0 - - 
Food handlers were the source of 
outbreak. 









16.5 48.9 2 2 100 
Nov detected on bathroom 
surface without disinfection 
procedure. 







16 15.0 - - - 
Bathroom was source of 
outbreak. 
Evans et al. 
(2002) 




15.5 51.7 - - - 
Bathroom was source of 
outbreak. Vomiting or feces in 
bathroom lead to further 












































15.5 60.0 3 - - 
Bathroom was source of 
outbreak. NoV detected on 
bathroom surface without 
disinfection procedure. Closed 
environment and high interaction 










15.5 - 21 44 47.7 
Bathroom was source of 
outbreak. NoV detected on 
bathroom surface without 
disinfection procedure. 
 







16.5 47.5 0 - - 
Environmental samples collected 
22 days after the outbreak began. 
 
Ho et al. 
(1989) 




16.5  25.3% - - - 
Bathroom was source of 
outbreak. Closed environment 
and high interaction of people 
increased NoV presence 
Note:  NoV= Noroviruses; GI= Gastrointestinal diseases; LTC= Long term care facilities; -, not assessed in the study.  






The mean STROBE score was 16.9 (9.5-20.5), maximum score=22 (Table 2.2). 
All studies properly addressed the background, objective, setting, and interpretation of 
the main result. Nearly all studies clearly reported information about the abstract and 
summary (n=28), variables (n=28), data sources (n=27), and participants (n=27). 
However, only some articles indicated study design in the title or abstract (n=10), 
reported potential sources of bias (n=14), described the statistical methods (n=13), 
discussed the limitations (n=19), or reported the source of funding (n=14). Only five 
studies included quantitative variables and four discussed the generalizability of results. 
In general, studies scored above average according to the STROBE assessment. 
The reviewed studies seldom reported the follow-up procedure which were common 
problems in questions 5, 6, 12, 13, and 14 from checklist, but because NoV infection 
usually resolves in about 1-3 days in healthy persons (Hall et al., 2013), the follow-up is 
not necessary in these studies. In our review, no case-control studies were matched 
studies. The majority of the variables measured in included studies (n=23) were category 





Table 2.2. Results of quality assessment based on STROBEa checklist   
 Question   Yes No      NAb  
Title and abstract     
Q1a: Is study’s design reported in the title or abstract? 10 19 0 
Q1b: Is the abstract informative and balanced? 
 
28 1 0 
Introduction     
Q2:   Are scientific background and rationale for the investigation   
reported? 
29 0 0 
Q3:   Are specific objectives, including any pre-specified hypotheses 
clearly stated? 
 
29 0 0 
Methods     
Q4:   Are key elements of study design presented early in the paper? 13 16 0 
Q5:   Are the setting, locations, exposure, and data collection clearly 
described?  
29 0 0 
Q6:   Are eligibility criteria, the sources and methods of selection of 
participants clearly reported?  
27 2 0 
Q7:   Are outcomes, exposures and effect modifiers clearly defined?  28 1 0 
Q8:   Are sources of data and details of methods of assessment clearly 
described? If there is more than one group, are comparability of 
assessment methods described?  
27 2 0 
Q9:   Are any efforts to address potential sources of bias reported? 14 15 0 
Q10: Is the method for choosing the study size clearly described?  21 8 0 
Q11: Are how quantitative variables were handled explained? 6 0 23 
Q12: Are statistical methods clearly described? Are any methods used 
to examine subgroups and interactions reported?   
 
13 16 0 
Results     
Q13: Are numbers of individuals at each stage of study clearly 
reported?  
28 1 0 
Q14: Are characteristics of study participants and information on 
exposures clearly described?  
28 1 0 
Q15: Are numbers of outcome events or summary measures over time 
reported?  
29 0 0 
Q16: Are unadjusted estimates reported?  29 0 0 
Q17: Are other analyses done reported?  
 
27 2 0 
Discussion     
Q18: Are key results with reference to study objectives summarized?  29 0 0 
Q19: Are limitations of the study described?  19 10 0 
Q20: Is interpretation of results clearly reported?  29 0 0 
Q21: Is generalizability (external validity) of the study results 
described? 
 
4 25 0 
Other information     
Q22: Is the source of funding and the role of the funders for the 
present study reported?  
14 15 0 
aSTROBE = Strengthening the Reporting of Observational Studies in Epidemiology  





NoV Presence on Bathroom Surfaces  
Outbreak Studies. In our review, 24 articles described NoV studies under 
outbreak conditions. Of those, two studies involved both outbreak and non-outbreak 
conditions, and 22 studies involved only outbreak conditions. Half (n=12) reported NoV 
detection on bathroom surfaces. The number of NoV-positive samples and total samples 
were reported in eight studies and thus could be included for random effects meta-
analyses in StatsDirect (Boxman et al., 2009a; Boxman et al., 2009b; Boxman et al., 
2011; Cheesbrough, Green, Gallimore, Weight & Brown, 2002; Jones, Kramer, Gaither, 
& Gerba, 2007; Repp, Hostetler & Keene, 2013; Repp & Keene, 2012; Wu et al., 2005). 
NoV detection rates on bathroom surfaces ranged from 20% to 100%, and the random 
effect pooled proportion was 57% (95% CI 45%-70%) (Figure 2.2). 
Non-outbreak Studies. Seven articles described NoV studies under non-outbreak 
conditions. Of those, two studies involved both outbreak and non-outbreak conditions, 
and five studies involved only non-outbreak conditions. Six reported the number of NoV 
positive samples and total samples (Boxman et al., 2011; Gallimore et al., 2006; 
Gallimore et al., 2008; Maunula et al., 2013; Repp et al., 2013; Ronnqvist, Ratto, 
Tuominen, Sale & Maunula, 2013) could be included for random effects meta-analyses. 
Overall, NoV detection rates on bathroom surfaces in non-outbreak conditions ranged 
from 0% to 50%, and the random effect pooled proportion was 5% (95% CI 1.8 %-9.8%) 
(Figure 2.3).   
  Our findings suggested that NoV can be present on bathroom surfaces under 




about 10X more frequent under outbreak conditions than under non-outbreak conditions. 
It is not surprising that NoV can be present in bathrooms in the absence of an outbreak. 
Up to 30% of NoV infections are asymptomatic (Atmar et al., 2008), and asymptomatic 
persons can shed viral loads of NoV similar to that of symptomatic persons (Okabayashi 
et al., 2008). The shedding period of NoV lasts for an average of 4 weeks after infection, 
although the symptoms are typically resolved without treatment after 1-3 days (Atmar et 
al., 2008). Fecal and vomiting events take place most often in bathrooms. The flushing of 
a toilet results in NoV droplets releasing into the air and settling onto bathroom surfaces 
(Barker et al., 2004). NoV can also survive on human hands for a few hours, thus causing 
contamination of bathrooms by the hands of users (Boxman et al., 2009b) and transfer of 













Figure 2.3. Summary of the presence of Human Noroviruses in bathrooms under  




Role of Bathrooms in NoV Transmission 
For 22 outbreak studies and one study that included both outbreak and non-
outbreak conditions, the source of the outbreaks and the bathroom investigation were 
described in the text. Six found that people became infected by exposure to the 
contaminated bathroom surfaces. The NoV detection rate of these studies ranged from 
20% to 100% (Cheesbrough et al., 2000; Fankem, Boone, Gaither, Gerba, 2014; Jones et 
al., 2007; Kuusi et al., 2002; Repp et al., 2013; Repp & Keene, 2012). Additional 
evidence that bathrooms can spread NoV infections comes from outbreak cases where the 
source of the outbreak was not the bathroom, but NoV was still detected on bathroom 
surfaces. Six studies reported the presence of NoV on bathroom surfaces, but the source 
of the outbreak was contaminated food, a food handler, or could not be identified. The 
NoV detection rate of these studies ranged from 63.5% to 100% (Boxman et al., 2009a; 
Boxman et al., 2009b; Domenech, Juan, Perez & Berrocal, 2011; Gunaratnam et al., 
2012; Wadl et al., 2002; Wu et al., 2005). Seven studies identified feces and vomit in the 
bathrooms as the source of outbreaks but NoV was not detected on bathroom surfaces. Of 
those seven, six used methods other than swabbing to collect samples (Chimonas et al., 
2008; Evans et al., 2002; Ho et al., 1989; Holmes & Simmons, 2009; Nicolay et al., 2011; 
Widdowson et al., 2005), and one used the swabbing method, but no NoV was detected 
(Thornley et al., 2011). However, four of these studies reported that during a NoV 
outbreak, infection risks were significantly related to visiting the bathroom. These facts 
may also indicate that bathrooms can spread NoV (Chimonas et al., 2008; Ho et al., 1989; 




vomit as the source of outbreaks, and either the bathroom surface swabs were negative 
for NoV or no surfaces were investigated (Hirakata, Arisawa, Nishio & Nakagomi, 2005; 
Malek et al., 2009; Marx et al., 1999; Thompson et al., 2013) (Table 2.3).  
Our review showed that bathrooms can serve as NoV reservoirs and contributors 
to NoV infection and environmental contamination. Mokhrari and Jaykus (2009) reported 
that the level of NoV contamination in bathrooms was significantly associated with food 
safety in retail food settings and that NoV-contaminated bathrooms were correlated with 
food contamination. Several characteristics of NoV contribute to this phenomenon. First, 
NoV is persistent on environmental surfaces. In lab experiments, NoV and its surrogates 
can be detected by RT-PCR on environmental surfaces for up to 7 days after inoculation 
(D'Souza et al., 2006; Mattison et al., 2007). One outbreak study proved that NoV can 
survive on environmental surfaces for up to 5 days after vomiting (Evans et al., 2002). In 
addition, Lopman, Hall, Curns, and Parashar (2011) found although direct contact 
exhibits the highest NoV transmission risk, the duration of infectiousness from NoV 
environmental transmission lasts much longer than just direct contact. Second, NoV is 
readily transferred (Barker et al., 2004). NoV can be transferred via finger contact to up 
to seven surfaces sequentially (Barker et al., 2004). Bidawid, Malik, Adegbunrin, Sattar, 
& Farber (2004) estimated that at least 50-80 infectious viral units could be transferred 
from contaminated fingerpads to lettuce by touch. Widespread NoV contamination has 
been documented in several articles. In a prolonged outbreak, NoV was detected on sites 
more than 1.5 meters above the ground, which are unlikely to be contaminated directly by 




detected in the mail center, living area, and isolation rooms (Wadl et al., 2010). These 
studies indicate that even light bathroom contamination is enough to allow transmission 
to happen and can lead to infection. 
 















Factors Related to the Presence of NoV in Bathrooms 
There are several factors that may be associated with the prevalence of NoV on 
bathroom surfaces. Boxman et al. (2011) suggested that the presence of NoV in the 
bathroom is associated with regions with different population densities. In their study, 
NoV detected in the 
bathroom 
Bathrooms are the 
source of outbreaks 
Key Reference 
Yes Yes 
Fankem et al., 2014; 
Repp et al., 2013; 
Repp et al., 2012; 
Jone et al., 2007; 
Kussi et al., 2002; 
Cheessburg et al.,2000 
 
Yes No 
Gunaratnam  et al., 2012; 
Domenech et al., 2011; 
Wadl et al., 2010; 
Boxman et al., 2009a; 
Boxman et al., 2009b; 
Wu et al., 2005 
 
No Yes 
Thornley et al., 2011; 
Nicolay et al., 2011;  
Chimonas et al.,2008; 
Holmes et al., 2009; 
Widdowson et al.,2005; 
Evans et al.,2002; 
Ho et al.,1989; 
 
No No 
Thompson et al., 2013; 
Malek et al., 2009;  
Hirakata et al.,2005; 




regions with higher population densities had higher NoV prevalence than the regions with 
lower population densities. One possible reason is that high population density might lead 
to an increase in the number of people using certain bathrooms, thus causing more NoV 
bathroom contamination. 
Verhoef, Jaramillo Gutierrez, Koopmans, and Boxman (2013) studied employees’ 
knowledge about NoV which included attitudes toward continuing food handling while 
sick with vomiting or diarrhea, previous knowledge of NoV, and knowledge about 
gastroenteritis (GE) symptoms. The results suggested that lack of knowledge about GE 
was significantly associated with the presence of NoV. It is estimated that food handlers 
were implicated in 28.2% of norovirus outbreaks worldwide (Dreyfuss, 2009). Food 
handlers’ lack of knowledge of NoV might have contributed to NoV outbreaks in several 
studies (Gunaratnam et al., 2012; Boxman et al., 2009; Hirakata et al., 2005). Because the 
infectious dose of NoV is very low—an estimated 18 viral particles (Teunis et al., 
2008)—exclusion and isolation of infected food handlers is necessary for prevention and 
limiting contamination of the environment. For example, the 2013 FDA Food Code 
requires ill food handlers to be excluded from work for 48-72 following resolution of 
symptoms.  
The type of setting may also influence NoV presence. Boxman et al. (2011) found 
that long-term care facilities and lunchrooms have significantly higher risks of NoV 
presence. Similarly, Verhoef et al. (2013) found that institutional settings (hospital and 
non-hospital health care settings) have significantly higher risk of NoV presence. This 




introduced into institutional settings by staff, visitors, and patients who might either be 
incubating or infected with NoV.  
The number of employees might affect NoV presence in bathrooms. Small 
catering operations (≤10 people) had a higher prevalence of NoV than big catering 
operations (≥11 people) (Verhoef et al. 2013). However, one study obtained different 
results and found that NoV prevalence was not related to the number of employees 
(Boxman et al. 2011). Future studies are needed to clarify these opposing results.  
The close physical contact of people during activities, exposure to vomit or 
diarrhea, and contact with contaminated surfaces can lead to the rapid spread of NoV 
(Fankem et al., 2014). Shared space and activities in semi-enclosed environments has led 
to NoV presence on various surfaces including the bathroom in places such as summer 
camps (Fankem et al., 2014), hospitals (Gallimore et al., 2006; Gallimore et al., 2008), 
tourist resorts (Demenech et al., 2011), rehabilitation centers (Kussi et al., 2002), cruise 
ships (Ho et al., 1998), and house boats (Jones et al., 2007). Close physical contact 
increases the NoV person-to-person transmission rate, potentially leading to 
environmental transmission as well. Gerhardts, Hammer, Balluff, Mucha, and Hoefer 
(2012) observed MS2 (a NoV surrogate) transmission from one source to up to four 
objects by hand touching. 
Cleaning and disinfection are also important factors that can influence the 
prevalence of NoV in bathrooms. In a summer camp outbreak, 40% of rooms were 
positive for NoV before cleaning and 73% of rooms were positive for NoV after cleaning 




using chlorine bleach (Fankem et al., 2014). A case-controlled investigation study in 
Vietnam found that outdoor toilets can protect children from NoV infection. This might 
be due to the sterilizing capabilities of sunlight (Thompson et al., 2013). Gallimore et al. 
(2006, 2008) suggested that improved hygiene measures and a change in sanitary 
furniture can reduce the contamination level of NoV. However, improper disinfection can 
contribute to NoV persistence on environmental surfaces, and contaminated wiping 
cloths or other cleaning utensils can serve as reservoirs and vehicles that lead to further 
cross contamination (Fankem et al., 2014). Studies found that normal cleaning without 
disinfection cannot stop NoV persistence on bathroom surfaces (Cheesbrough et al., 
2000; Evan et al., 2002; Holmes & Simmons, 2009; Jones et al., 2007; Kuusi et al., 2002; 
Wadl et al., 2010; Wu et al., 2005). The use of chemical disinfectants is one of the key 
approaches to prevention of environmental contamination. For example, sodium 
hypochlorite can significantly reduce NoV on hard, non-porous surfaces (Baker et al., 
2004; Medrano et al., 2011). EPA-approved products are also effective against NoV (Hall 
et al., 2013).  
We also believe the source of an outbreak can have an impact on the NoV 
prevalence rate. If the source of an outbreak is feces, vomit, or contaminated surfaces, the 
contamination can spread by way of hand contact and aerosolization, and lead to wide 
contamination. If the source of the outbreak is contaminated food or sick food handlers, 
transmission could be foodborne and/or waterborne. Due to the 12-48-hour incubation 
period of NoV (Halls et al., 2013), any restaurant patrons who consume contaminated 




contributing little to the contamination at that particular restaurant. The timing of sample 
collection also has an influence on the NoV bathroom prevalence rate. Swabs collected 
long after the time of the outbreak might decrease detection of NoV on environmental 
surfaces when actually NoV was present during the outbreak (Malek et al., 2009; Marx et 
al., 1999), because NoV can survive on environmental surfaces up to 7 days (D'Souza et 
al., 2006; Mattison et al., 2007). 
Suggestions for Future Studies  
Based on our review, NoV can be present on bathroom surfaces under outbreak 
and non-outbreak conditions and is usually present on bathroom surfaces at a very low 
prevalence level independent of the route of transmission. We suggest that future 
observational studies investigate NoV presence on bathroom surfaces and the influence 
of disinfection. The swabbing method and sensitivity of PCR will help further identify 
the source and transmission of NoV outbreaks. Studies on the prevalence of NoV without 
a recent outbreak can benefit from appropriate sample size for power analysis.  
Limitations  
This literature review is limited to available articles published on NoV prevalence 
in bathrooms. Most studies focused on all surfaces in a setting, but we only focused on 
whether positive NoV detection was attributed to bathrooms. Therefore, when we 
calculated the positive proportion of NoV in bathrooms (rather than the positive 
proportion of swabs), only a few studies were available. Also, the instruments and 
methods of each study varied such that no calculations could be performed across studies 




only reviewed articles published in English, limiting studies primarily to the USA and 
European countries. We may have missed relevant articles not published in English.  
 
CONCLUSION 
The presence of NoV on bathroom surfaces suggests bathrooms can serve as 
reservoirs and vehicles of NoV. Our review estimated that NoV presence was 57% (95% 
CI 45%-70%) on bathroom surfaces among outbreak events and 5% (1.8%-9.8%) on 
bathroom surfaces without a recent outbreak report. NoV bathroom detection rate is 
about 10X more frequent in outbreak events than non-outbreak events. The factors 
related to the presence of NoV in bathrooms included population density, service 
employees, setting characteristics, and disinfection conditions. Future efforts should 
study interventions that reduce the presence of NoV on bathroom surfaces. Special 
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PREVALENCE OF NOROVIRUSES IN COMMERCIAL RETAIL FOOD 




Human noroviruses (NoV) are the leading cause of epidemic gastroenteritis in the 
USA with 19-21 million people sickened each year (Hall et al., 2013). The infectious 
dose of NoV is very low at an estimated 18 viral particles (Teunis et al., 2008). People 
can shed NoV as early as 12 hours after exposure, and shedding can last up to 3 weeks 
after infection (Rockx et al., 2002). Restaurants and banquet facilities are the second-
most implicated setting for NoV outbreaks (19%) in the USA after health-care facilities 
(70%) (Hall et al., 2013). Dreyfuss (2009) reported infected food workers were 
implicated in 28.2% of NoV outbreaks worldwide. 
Bathrooms are believed to be an important contributor to NoV infections and a 
likely source of transmission in foodservice establishments from both infected food 
workers and customers. NoV infections are usually characterized by diarrhea and/or 
vomiting which frequently contain a high number of NoV particles—108-10 virions per 
gram in stool (Atma et al., 2008) and up to 106 particles per milliliter in vomitus (Caul 
1995). These fecal and vomiting events presumably take place most often in bathrooms. 
Transmission of pathogens from hands to bathroom surfaces after a vomiting or fecal 




transmission model (Gerhardts, Hammer, Balluff, Mucha & Hoefer et al., 2012). It has 
also been reported that contaminated fingers could consistently transfer NoV to up to 
seven clean surfaces (Barker, Vipond & Bloomfield et al., 2004). Furthermore, a study in 
the Netherlands reported that NoV was three times more likely to be detected on 
bathroom surfaces than on kitchen surfaces in foodservice establishments (Boxman et al., 
2011) and transmission from bathroom surfaces to people has been documented (Fankem, 
Boone, Gaither & Gerba et al., 2004; Jones, Kramer, Gaither & Gerba et al., 2007; Repp, 
Hostetler & Keene et al., 2013). In a quantitative exposure model for transmission of 
NoV in the food preparation environment, high contamination loads on food handlers’ 
hands were characteristically related to visiting bathroom areas where potential personal 
or environmental cross-contamination exists (Mokhtari & Jaykus, 2009). 
NoV has been reported present on bathroom surfaces at very low levels (Boxman 
et al., 2011). For example, NoV has been detected on bathroom surfaces in 
establishments without a recent outbreak including food establishments (Boxman et al., 
2011), manufacturing companies (Ronnqvist, Ratto, Tuominen, Sale & Maunula, 2013), 
and hospitals (Gallimore et al., 2008; Verhoef et al., 2013) 
The aim of this study was to determine the prevalence of NoV in retail 
foodservice establishments in South Carolina. Our research questions are as follows:  
1.        How prevalent is NoV in public bathrooms of foodservice establishments?  
2.        Is the prevalence of NoV significantly different among bathrooms located in areas 




 3.       Is the prevalence of NoV significantly different between males’ and females’ 
bathrooms? 
4.        Is the prevalence of NoV significantly different between bathrooms in different 
types of foodservice establishments?  
5.       Is the prevalence of NoV significantly different in bathrooms with different types 




The total number of sites to visit was calculated using the method presented by 
Naing, Winn and Rusli (2006). Expected prevalence rates of 1, 2, and 4% were used to 
estimate the total number of sites to visit. One percent and four percent were selected 
based on a study by Boxman et al. (2011), who expected a one percent prevalence of 
NoV in their year-long study of catering operations in the Netherlands, but observed a 
four percent prevalence without a recent outbreak of NoV. Experts from the United States 
Centers for Disease Control and Prevention (CDC) recommended that we use a two 
percent prevalence to perform power analyses as this was considered a middle value 
between one and four percent. As such, the total sample was 753 foodservice 
establishments. The 753 foodservice establishments were distributed proportionately 
across three states, representing different geographic regions in the USA: South Carolina, 
New Jersey, and Ohio. Foodservice establishments in South Carolina (SC) made up 16% 




Ohio were not finished when this manuscript was written, but the results will be reported 
in the future.  
All of the counties in SC were divided up by population density into high-, 
medium-, and low-population density categories, and three counties were randomly 
selected from each category (Appendix B). A list of all commercial foodservice 
establishments in each of the selected counties was obtained from the SC Department of 
Health and Environmental Control. Sampling sites were chosen randomly from these 
lists. Only establishments that prepared food on site, were open to the public, and were 
not institutional were selected. Bakeries and concession stands were excluded. 
Most (75%) of the food establishments in SC were located in high population 
density counties, 15% in medium-density counties, and 10% in low-density counties. 
These percentages were applied to our sample (N=120) to calculate the number of sites 
needed from each population density category. Therefore, 90 food establishments (75%) 
were randomly selected from high-density counties, 18 (15%) from medium-density 
counties, and 12 (10%) from low-density counties to comprise our sample. After the sites 
were selected, they were divided into two groups. In one group, swabs were collected 
from both male and female bathrooms.  In the other group, swabs were collected from 
only one bathroom (gender designation was allotted randomly in advance). 
Environmental Samples 
Swabs were collected during two winter seasons, February 2013 through March 
2013 and December 2013 through February 2014. Macrofoam swabs (Puritan, Guilford, 




used to collected samples from bathroom surfaces. Latex gloves were worn to prevent 
carryover contamination. Four swabs were collected from each bathroom. The first swab 
was used to sample the underside of the toilet seat where it connects to the toilet bowl; 
the second was from the flush handle of the toilet; the third was from the inner door 
handle of the stall door, if there was no stall door, the inner handle of the bathroom’s 
main door was swabbed; and the fourth was from a sink faucet. For irregular surfaces 
(door handle, flush handle of toilet and sink faucet), we swabbed the entire surface. For 
flat surfaces, such as the toilet seat, we swabbed a 10cm X 10cm area. Each swab was 
applied to its designated area by swabbing the surface thoroughly in three directions: 
up/down, across, and diagonally.  
In addition, we used a checklist to collect information regarding the equipment in 
the bathroom, including the door handle, toilet, sink faucet, handwash signage, soap 
dispenser, paper towel dispenser, hand dryer, and cleaning schedule (Appendix D). 
Photos of the bathrooms and equipment were taken as references for any missing 
information from the checklist. Swabs were kept at 4°C in a cooler during transport to 
Clemson University and stored at -80°C until analysis. 
RNA extraction and concentration 
NoV RNA was extracted from swabs using HiBind®  RNA Midi Columns 
(Omega Bio-tek, Norcross, GA), and the RNA was concentrated using the Zymo RNA 
Clean and Concentrator™-5 kit (Zymo Research Corporation, Irvine, CA) according to 




Swabs guidelines provided by CDC. Coliphage MS2 virus (106  PFU/ml) was used as an 
internal extraction control. 
Real-time Reverse Transcription Polymerase Chain Reaction (RT-PCR) 
The RNA samples extracted from swabs were analyzed by real-time RT-PCR. GI 
and GII NoV transcripts from the CDC were used as positive controls and nuclease-free 
water was used as a negative control. Briefly, a mixture of 5 µl of sample RNA and 20µl 
of Master mix (12.5 µl 2X RT-PCR buffer, 1.67 µl detection enhancer, 1.0 µl 25X RT-
PCR enzyme, 1.15 µl CDC NoV primer, 3.68 µl nuclease-free water) were processed for 
RT-PCR in the thermo cycler, consisting of reverse transcription at 95°C for 10 min, RT-
Enzyme denaturation at 95°C for 10 min, 45 cycles of 95°C for 15 second, and 60°C for 
1 min. If all quality controls worked properly, a sample was considered positive when the 
curve crossed the threshold before or at a Ct of 40.  
Data Analysis 
Categorization of data 
The foodservice establishments in our sample were categorized as either chain or 
non-chain stores. A chain store was defined as any foodservice establishment under a 
single brand name with central headquarters, and was one of at least 10 units in two or 
more distinct geographical locations. 
Individual risk factor analyses 
Univariate analyses were performed to consider the individual risk factors related 




their values in Appendix C. For example, risk factors include the outer door handle 
material, the outer door handle type, and the stall door handle type.  
 SAS PROC FREQ (Statistical Analysis Software, version 9.3) was used to 
calculate the odds ratio of NoV presence relative to the levels of potential risk factors. 
Chi-square analyses were used in cases with adequate sample size while Exact tests were 
used in small sample situations where at least one cell in the 2X2 table of an odds ratio 
calculation is less than five. If zero existed in any cell of the 2X2 table, 0.05 was added to 
each cell to give all cells a value greater than zero (Parzen, Lipsitz & Klar, 2002). A 
significance level of 0.05 was used for all tests of significance. Borderline significance 
was defined as 0.05 < P < 0.10.  
Generalized linear mixed model analysis  
A generalized linear mixed model was used to analyze the relationship between 
NoV presence on bathroom surfaces and risk factors including population density, 
catering company type, and the gender designation of the bathroom. Random effects were 
included to account for multiple swabs collected at a single site and the hierarchical 
structure of the data. SAS PROC GLIMMIX (Statistical Analysis Software, version 9.3) 
was used to conduct the mixed model analysis. A significance level of 0.05 was used for 
all tests of significance. Borderline significance was identified with a significance level 







Overall, 681 swab samples were collected in 171 bathrooms from 120 foodservice 
establishments in South Carolina. In total, 15 out of 681 swabs (2.2%) from 13 
establishments (10.83%) were presumptively positive for GI and GII NoV (Table 3.1). 
Twelve of the establishments produced a single presumptively positive swab from a 
single bathroom; however, one establishment produced three presumptively positive 
swabs from a single bathroom. Of the 15 presumptively positive swabs, 33.3% were from 
the toilet seat, 33.3% were from the inner door handle (stall or outer door), 20% were 
from the sink faucet handle, and 13.3% were from the flush handle of the toilet. GI NoV 
strains were detected in 4/15 swabs (26.7%) and GII NoV strains were detected in 11/15 
swabs (73.3%). Specifically, 2.9% of toilet seats were NoV positive, 1.2% of flush 
handles of the toilet were NoV positive, 2.9% of inner door handles were NoV positive, 
and 1.8% of sink faucet handles were NoV positive.  
 
Table 3.1. Presence of Human Noroviruses on bathroom surfaces in food 
establishments   
 






 No./total  % No./total % No./total % No./total % 
Establishments  5/120 4.2 2/120 1.7 5/120 4.2 3/120 2.5 
Bathrooms  5/171 2.9 2/171 1.2 5/171 2.9 3/171 1.8 






NoV Prevalence by Gender   
 For 51 of 120 food establishments, samples were collected from male and female 
bathrooms. NoV was detected in 13 (10.8%) bathrooms, 10 (12 %) from female 
bathrooms and 2 (2.6%) from male bathrooms (Table 3.2). Examining gender alone, the 
risk of NoV presence on bathroom surfaces was significantly associated with the gender 
of bathrooms (OR, 5.1; 95% CI, 1.1-23.9). NoV was detected between 1.1 and 23.9 times 
more frequently in female bathrooms than in male bathrooms (p=0.025) (Table 3.3).  
 














High 129 10 7.8 
Medium 23 3 13.0 
Low 19 0 0.0 
Total 171 13 7.6 
 
Company type    
Chain 88 9 10.2 
Non-chain 83 4 4.8 
Total  171 13 7.6 
 
Gender of bathroom  
Female 83 10 12.0 
Male 76 2 2.6 
Unisex 12 1 8.3 
Total 171 13 7.6 





NoV Presence by Population Density  
Ten bathrooms (7.8%) from the high population density counties and three 
bathrooms (13.0%) from the medium population density counties tested presumptively 
positive for NoV. No presumptively positive swabs were obtained from low population 
bathrooms (Table 3.2). No significant differences were found in the odds of NoV 
presence in bathrooms among the three population densities. However, the odds of NoV 
presence in bathrooms from medium-density counties was nearly 2 times more than in 
bathrooms from high-density counties (OR 1.8, 95% CI, 0.5-7.1) and 6.6 times more than 
in bathrooms from low-density counties (OR, 6.6, 95% CI, 0.3-137.5).  
NoV Presence by Food Establishment Type 
The type of food establishment was not determined before collecting samples 
because sampling sites were randomly chosen. Presumptively positive swabs were found 
in 9/88 bathrooms (10.2%) from chain foodservice establishments and 4/83 bathrooms 
(4.8%) from non-chain foodservice establishments (Table 3.2). NoV was detected about 
two times more often in bathrooms of chain foodservice establishments than bathrooms 
of non-chain foodservice establishments (OR 2.25, 95% CI, 0.7-7.6), but this was not 
statistically significant. 
NoV Prevalence by Type of Equipment in Bathrooms  
The presence of NoV appeared to be significantly associated with the mechanism 
of the toilet in the bathroom. NoV was five times more frequently detected in bathrooms 
with an automatic toilet than in bathrooms with a manual toilet (OR 5.0, 95% CI 1.2-




When the outer door handle types were analyzed as separate variables to identify 
the potential differences between types of handles, bathrooms with a lever as the outer 
door handle were 86% less likely to have NoV present compared to bathrooms with other 
types of outer door handles (OR 0.14, 95% CI, 0.02-1.1) (Table 3.3) which appeared 
borderline statistically significant (P=0.06). Bathrooms with a handle as the outer door 
handle were three times more likely to have NoV present compared to bathrooms with 
other types of outer door handles (OR 3.1, 95% CI, 1.0-9.8) (Table 3.3) which also 
appeared borderline statistically significant (P=0.06).  
 
Table 3.3 Significant factors and borderline significant factors for the presence of 
Human Noroviruses in foodservice establishments 
 
 










OR (95% CI) 
 
P value 
Gender Female 10 73 5.1 (1.1-23.9)a 0.04 
 Male 2 74   
      
Toilet Flush Automatic 3 9 5.0 (1.2- 21.3)a 0.03 
mechanism Manual 10 149   
      
Outer door  Lever 1 58 0.14 (0.02-1.13)b 0.07 
handler type Non-lever 12 100   
      
Outer door  Handle 7 43 3.12 (1.0-9.8)b 0.05 
handler type Non-handle 6 115   
      
Stall/bathroom Cross handle 1 0 38.0 (1.5-983.1)a 0.03 
door handle type Non-cross handle 12 158   
      
Paper towel  Metal 4 15 4.2370 (1.2- 15.4)a 0.03 
dispenser material Non-Metal 9 143   
      
Trash can type Trash can attached 4 6 11.3 (2.7- 47.2)a 0.001 
 Non-trash can attached 9 152   
a P value <0.05 





The presence of NoV in bathrooms with different types of sink faucets varied 
significantly (P=0.02). Bathrooms with cross handle sink faucets were 38 times more 
likely to be positive for NoV than bathrooms with other types of sink faucets (OR 38.0, 
95% CI, 1.5-983.1). In addition, the prevalence of NoV on bathroom surfaces was 
significantly related to paper towel dispenser material. NoV presence was four times 
higher in bathrooms with metal paper towel dispensers than bathrooms with other types 
of paper towel dispensers (OR 4.2, 95% CI 1.2-15.4). NoV-positives in bathrooms were 
also significantly related to the trash can (P=0.003). Bathrooms with trash cans attached 
to the wall were 11 times more likely to be positive for NoV compared to bathrooms with 
other kinds of trash cans (OR 11.3, 95% CI 2.7-47.3).  
Generalized Linear Mixed Model Analysis  
 When population density, establishment type, and gender were considered 
together, only the gender of the bathroom had significant effects on NoV prevalence on 
bathroom surfaces (P=0.03). This indicated that NoV prevalence was significantly 
different between male and female bathrooms. The interaction between type of food 
establishment and gender was borderline statistically significant (P=0.09). This indicates 
that NoV prevalence may vary among different combinations of these two variables 
(Table 3.4). Female bathrooms from chain food establishments had the most positive 
swabs (n=8) followed by female bathrooms from non-chain food establishments (n=2). 
Male bathrooms from chain food establishments and male bathrooms from non-chain 





Table 3.4 Swabs positive for Human Noroviruses by type of food establishment and 
gender 
 
Category Male Female Total number 
Chain 1 8 9 
Non-chain 1 2 3 




NoV in Bathrooms of Foodservice Establishments without a Recent Outbreak 
The results of our study indicate that NoV can be present on bathroom surfaces of 
food establishments at a very low prevalence rate even in the absence of a recent 
outbreak. We found that about 2.2% of the total swabs from bathroom surfaces in food 
establishments in SC were presumptively positive for NoV, which was lower than the 
prevalence rate of 3.1% from Boxman et al.’s (2011) study. This may be because the 
population density of SC (61.3 inhabitants/km2) is lower than the population density of 
the Netherlands (493 inhabitants/ km2), and NoV prevalence has been associated with 
population density (Boxman et al., 2011). However, in our study, we detected NoV in 
10.8% of sampled food establishments, which was higher than the results from Boxman 
et al.’s (2011) 4.2%. In their study, only one swab was used to collect a bathroom sample 
at each site, whereas we used four to eight swabs to collect bathroom samples at each 
site. The difference between our results and theirs might be attributed to the difference in 
the number of bathroom samples collected.   
Although Boxman et al. (2011) and Verhoef et al. (2013) found that hospital and 




results in bathrooms of food establishments (2.2%) were similar to the result of Gallimore 
et al.’s (2008) study that showed 2.1% of swabs from bathroom surfaces in a hospital 
were positive for NoV.  
Difference in NoV Prevalence between Bathrooms in Different Population Densities  
In our study, although the number of presumptively positive swabs from high-
density counties (n=10) was about three times higher than positive swabs from low-
density counties (n=3), there were no significant differences between the odds of NoV 
presence among the three population densities. In contrast, Boxman et al. (2011) reported 
population density was a borderline risk factor for the presence of NoV in catering 
operations (p=0.09) because the regions with higher population densities had higher NoV 
prevalence than the regions with lower population densities. High population density 
might lead to an increase in the number of people using certain bathrooms, facilitating 
contamination of bathroom surfaces. The differences in NoV prevalence among SC 
counties were non-significant; this might be because the differences in population density 
among SC counties might not be great enough to become a significant factor for NoV 
presence. 
Difference in NoV Prevalence between Male and Female Bathrooms  
Our finding that NoV was about five times more prevalent in female bathrooms 
than in male bathrooms was similar to a previous study that reported a similar 
relationship regarding bacterial contamination (Nworie, Ayeni, Eze & Azi, 2012). One 
possible reason is that women might use bathrooms more often than men for the purpose 




that women might more often have children in tow and children could easily transfer 
NoV by touching surfaces unnecessarily.  
Differences in NoV Prevalence between Different Types of Food Establishments 
When the type of food establishment was analyzed alone, the presence of NoV in 
bathrooms was not significantly different between chain and non-chain foodservice 
establishments. In logistic regression, the interaction between type of food establishment 
and gender was borderline significant (P=0.09), indicating that NoV prevalence seems 
varied depending on different combinations of these two variables. Female bathrooms 
from chain establishments had NoV-positive swabs more often than did bathrooms in 
non-chain establishments. One possible reason is that people might feel more comfortable 
stopping in to use a chain store bathroom, such as at a gas station or fast food restaurant  
(rather than a privately owned, sit-down restaurant), thus increasing bathroom usage and 
the possible spread of NoV. In many cases, hours of operation in chain stores tend to be 
longer than in non-chain stores (i.e. many gas stations are open 24 hours per day and 7 
days per week), thus increasing potential bathroom usage. 
Differences in NoV Prevalence between Different Bathroom Equipment 
Our results showed that the presence of NoV related to certain equipment in 
bathrooms varied. The result that NoV was five times more frequently detected in 
bathrooms with an automatic toilet than in bathrooms with a manual toilet was 
unexpected. It is assumed that automatic toilets have less chance of being contaminated 
by users’ hands. However, Barker and Jones (2005) found that large numbers of 




persist on bathroom surfaces. Our swab sites may have been seldom cleaned and 
disinfected in bathrooms with automatic toilets due to employees thinking that these 
places are not usually contaminated by hand touch.  
When we analyzed door handle type and sink faucet type alone to identify the 
potential difference of NoV presence between bathrooms with varied equipment, we 
found that bathrooms with simple-shaped handles like a lever-shaped handle had less 
NoV present than bathrooms with complex-shaped equipment like a cross-shaped handle. 
One plausible reason to explain our result is that simple-shaped handles are easier to 
clean and disinfect, this can lead to less NoV contamination. We also found that the 
bathrooms with stable handles that do not move when used had more NoV contamination 
than bathrooms with handles that could twist or move when used like a knob handle and a 
lever handle. We think this may also be because stable handles are harder to clean with 
disinfecting products.  
The prevalence of NoV on bathroom surfaces was significantly related to paper 
towel dispenser material and trash can type. Bathrooms with metal paper towel 
dispensers and bathrooms with trash cans attached to paper towel dispensers had a higher 
risk of NoV presence. To our surprise, nearly 30% of bathrooms (n=4) where NoV was 
detected on surfaces had trash cans attached to metal paper towel dispensers. This 
phenomenon calls for future exploration.  
Limitations 
Although our individual factor analysis showed paper towel dispenser material 




items to confirm an association. Due to the seasonal peak of NoV during winter months 
our timeframe for data collection was limited and was extended to two data collection 
periods (two consecutive winters).   
 
CONCLUSION  
We investigated the prevalence of NoV on bathroom surfaces in food 
establishments in SC. In total, 15/681 swabs (2.2%) from 13/120 food establishments 
(10.83%) were presumptively positive for NoV. The factors significantly related to the 
presence of NoV in bathrooms in SC included the gender of the bathroom, flush 
mechanism of the toilet, door handle type, sink faucet type, paper towel dispenser 
material, and trash can type. Our results suggest that bathrooms can serve as human-
associated microbial reservoirs and contributors to NoV transmission in foodservice 
establishments.  
For future studies, we suggest that more sites such as paper towel dispensers and 
trash cans in bathrooms should be swabbed to further investigate the factors that 
influence NoV prevalence. Future studies should also explore the behaviors and 
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Variable Name Question Values 






Type  What is the service type of the 
establishment 
1= table service 
1= counter service 
3=self service  
4=take out  
5-multiple service 
 





4=Not Available  
 


















Toilet Flush Material What is the material of toilet flush? 1=Metal 
2=Plastic 






Variable Name Question Values 
Toilet Flush Type  What is the type of toilet flush? 1=Tank-Mounted Trip 
Lever 










Toilet Seat Type What is the type of toilet seat? 1=Split Front Seat  
2=Closed Oval Seat 
3=Not Available 
 


































Variable Name Question Values 
















6=Liquid Soap  
 












2=Multi-Fold Pull Down 
Dispenser  
3=Single-Fold Pull Down 
Dispenser 
4=Pull Down Roll 
Dispenser 
5=Roll Paper Dispenser 
With Pump Lever 
6=Roll Paper Dispenser 
With Hand Crank 
7=Center Pull Dispenser  
8=Cloth Roll Towel 
Dispenser 
9=Loose Towels  
10=Not Available  
11=Other 
 
Trash Type What is the type of trash? 1=Trash Can Attached 





Variable Name Question Values 
Hand Dryer Material What is the material of hand dryer? 1=Metal 
2=Porcelain 
3=Plastic 
4=Not Available  
5=Metal and porcelain 
 










5=Warm Air Dryer and 
High Speed 
 





Toilet Seat Swab 
 
The result of toilet seat swab 
 
1=Positive For GI 
2=Positive For GII 
3=Positive For Both GI And 
GII 
4=Negative For Both GI 
And GII 
5=Not Available  
 
Toilet Flush Swab The result of toilet flush swab 1=Positive For GI 
2=Positive For GII 
3=Positive For Both GI And 
GII 




Door Handle Swab The result of door handle swab 1=Positive For GI 
2=Positive For GII 
3=Positive For Both GI And 
GII 






Variable Name Question Values 
Sink Faucet Swab The result of sink faucet 1=Positive For GI 
2=Positive For GII 
3=Positive For Both GI And 
GII 










Prevalence study facility survey 
 
